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(57) ABSTRACT

An optoelectronic sensor (10) has a circumferential front
screen (42) comprising a curvature both in a circumferential
direction and in a transverse height, thus focusing light
reflected at the inside of the front screen (42). Test light
passes from a test light transmitter (50a-f) through the front
screen (42) to a reflector (52a-f) and subsequently onto a test
light receiver (56a-b). A decreasing light transmissivity of
the front screen (42) is detected based on a decrease of a
signal generated by the test light in the test light receiver
(56a-b). The test light receiver (56a-b) is arranged on a same
side of the front screen (42) as the reflector (52a-f) such that
the test light path (54a-f) leads from the reflector (52a-f) via
reflection on the inside of the front screen (42) to the test
light receiver (56a-b).

19 Claims, 6 Drawing Sheets
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OPTOELECTRONIC SENSOR FOR TESTING
TRANSMISSIVITY OF A FRONT SCREEN

The invention relates to an optoelectronic sensor with a
circumferential front screen and a method for testing a light
transmissivity of a front screen of a sensor.

Laser scanners are used in many applications for object
detection. A light beam generated by a laser sweeps peri-
odically over a monitoring plane by means of a deflection
unit. Normally, a rotating mirror is used as the deflection
unit, which scans a field of view of up to 360° in discrete
angular steps within a fixed plane. The transmission light is
remitted by objects in the monitoring plane and evaluated in
the scanner. The angular position of the object is determined
from the angular position of the deflecting unit, and addi-
tionally the distance of the object from the laser scanner is
determined from the light time of flight and using the speed
of light. In case of the monitoring area being a scanning
plane, all possible object positions are detected with these
polar coordinates in two dimensions. Two basic principles
for the determination of the light time of flight are known.
Phase-based methods modulate the continuous transmission
light and evaluate the phase between the transmitted and the
received light. In pulse-based methods, the laser scanner
measures the time of flight until a transmitted light pulse is
received again.

In safety technology, laser scanners are used for moni-
toring a source of danger, such as a dangerous machine. One
such safety laser scanner is known from DE 43 40 756 Al.
There, a protected field is monitored that is no to be entered
by personnel during operation of the machine. If the laser
scanner detects a forbidden intrusion into the protected field,
such as a leg of an operator, it triggers an emergency stop or
shut-down of the machine. Other intrusions into the pro-
tected field, for example by static parts of machines, may
previously be taught as admissible. Often, warning fields are
defined in front of the protected fields, where intrusions at
first trigger only a warning in order to prevent the intrusion
into the protected field and the resulting safeguarding in time
and to increase the availability of the machine.

Sensors used in safety technology must work particularly
reliable and therefore meet strong safety requirements, for
example the EN13849 standard for machine safety and the
device standard EN61496 for contactless protective devices.
To satisfy these safety standards, a number of measures have
to be taken, like a safe electronic evaluation by redundant or
diversified electronics, testing and monitoring of functions
or in particular monitoring the contamination of optical
components, such as a front screen, and/or providing test
targets of a defined remission that have to be detected at
corresponding scanning angles.

As a protection against environmental influences, laser
scanners are usually equipped with a front screen which is
part of the housing and transmissible for the scanning
beams. Two aspects have to be considered so that the front
screen does not affect the optical measurement.

Firstly, because the front screen forms two optical bound-
ary surfaces, a reflection of the transmission beam is gen-
erated which can interfere with the measurement. The con-
ventional optical construction of a laser scanner is a coaxial
arrangement of transmission and reception beam paths. In
order to prevent the front screen reflection from impinging
on the receiver, the front screen is tilted. Thereby the front
screen reflection is deflected upwardly and fades in an
optical trap. The description of a tilted front screen refers to
a sectional view in a fixed angular position of the deflection
unit. In order to present a tilted surface in every position of
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the rotational movement, the front screen forms a corre-
sponding body of revolution, i.e. a frustum of a cone. The
defined deflection of the front screen reflection into an
optical trap with such a shape of the front screen requires the
transmission beam to always impinge at a same height. If
this condition is not met, however, either a lot of space is
required for an extended optical trap, or scattered light of the
front screen reflection can get into the reception path after
all.

Secondly, for a functional correct and safe operation it has
to be continually monitored according to the standards
mentioned above whether the front screen comprises
scratches, dust, or any other abnormality. This is usually
done by a contamination measurement in which a test light
beam passes through the front screen. When used in an
environment with environmental conditions such as fog or
extreme temperatures, in particular outdoors, but also in the
vicinity of corresponding processes indoors, a fogging can
additionally be formed on the outside of the front screen.
This may also lead to a deterioration of the image of the
reception light spot generated by the scan beam and thus to
a dangerous failure. Since the fogging cannot be reliably
detected by a conventional transmission measurement, it is
usually prevented by heating the front screen.

In a laser scanner with a frusto-conical front screen
according to the prior art, the transmission measurement is
done by passing through the front screen at several locations
with a pair of a test light transmitter and an associated test
light receiver each. The test light transmitter may be
arranged outside and the test light receiver inside the front
screen, so that the front screen is located directly on the
common line of sight. It is also known to use a reflector and
to arrange both test light transmitter and test light receiver on
the same side with respect to the front screen. Then, the front
screen is passed through by the test light twice. In a further
alternative, a reflector and a test light receiver are inside the
sensor, so that the front screen again is passed through only
once.

In order to detect conditions such as temperature or aging
of the test light transmitters and test light receivers, refer-
ence paths are provided on which the test light does not pass
through the front screen. In a known embodiment, seven test
light paths and two reference paths are required to obtain
sufficient information about the front screen for example in
a relevant angular range of 270°. Thus, a total of 9 LEDs, 9
photodiodes, and a circuit board for the evaluation are
needed, which contribute to space requirements and manu-
facturing costs accordingly.

From EP 2 447 733 Al, a laser scanner with a special
shape of the front screen is known. The front screen has
focusing properties due to its curvature so that the front
screen reflection is deflected into a focus area irrespective of
the height where the transmission beam impinges. However,
EP 2 447 733 Al does not contribute new aspects to the
monitoring of transmissivity properties of the front screen.

It is therefore an object of the invention to reduce the
effort of the monitoring of the front screen.

This object is satisfied by an optoelectronic sensor having
a circumferential front screen comprising a curvature both in
a circumferential direction and in a height direction trans-
verse to the circumferential direction and thus having a
circumferential focus area in which light reflected at the
inside of the circumferential front screen is focused, wherein
at least one test light transmitter, at least one reflector, and
at least one test light receiver form a test light path on which
test light passes from the test light transmitter through the
front screen to the reflector and subsequently onto the test
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light receiver, and wherein an evaluation unit is provided
which is configured to detect a decreasing light transmis-
sivity of the front screen based on a decrease of a signal
generated by the test light in the test light receiver, wherein
the test light receiver is arranged on a same side of the front
screen as the reflector such that the test light path leads from
the reflector via a reflection on the inside of the front screen
to the test light receiver.

The object is also satisfied by a method for testing a light
transmissivity of a circumferential front screen of an opto-
electronic sensor, wherein test light passes on a test light
path from at least one test light transmitter through the front
screen to at least one corresponding reflector and subse-
quently onto a test light receiver, and wherein a decreasing
light transmissivity of the front screen is detected from a
decrease of a signal generated in the test light receiver by the
test light, wherein the test light is partially reflected at an
inside of the front screen after reflection at the reflector and
is at the same time focused due to a curvature of the front
screen both in a circumferential direction and a height
direction transverse to the circumferential direction, wherein
the test light is subsequently detected on the same side of the
front screen as the reflector in the test light receiver.

The invention starts from the basic idea to utilize the
focusing or imaging properties, respectively, of the bound-
ary surfaces of a special curvedly formed front screen of an
optoelectronic sensor for a simplified contamination mea-
surement. This front screen has a curvature both in a
circumferential direction and transverse thereto in a height
direction and thus a focus area in which light impinging on
the inside of the front screen is partially focused by reflec-
tion. Strictly speaking, the light is reflected twice at the
inside of the front screen, namely, on both boundary surfaces
once upon entry into the material of the front screen and
again upon exit. The circumferential front screen with these
curvature properties and the associated focus area may
encompass the full 360° range or only a certain angular
portion thereof.

A test light transmitter, a reflector, and a test light receiver
in this order form a test light path, and test light detected in
the test light receiver is monitored for a drop indicative of a
reduction in light transmissivity of the front screen which
cannot be tolerated. Test light receiver and reflector are
arranged at a same side of the front screen so that the test
light path from the reflector via a reflection at the inside of
the front screen leads to the test light receiver. The inside of
the front screen with its imaging properties arising from the
curvature is therefore used for the test light path. It is also
possible that a test light transmitter, a reflector, and a test
light receiver, respectively, are arranged above or below the
front screen. Hence, “at a same side” also describes a region
of space which may be defined by an extension of the front
screen. It is only important that the test light path passes
through the front screen at least once, for example by the test
light sender being arranged outside the front screen and test
light receiver and reflector being arranged inside the front
screen. Since a point measurement with only one test light
path usually is not sufficient to evaluate the contamination of
the entire front screen, a plurality of test light transmitters is
often provided. As explained in the following, by utilizing
the curvature properties of the front screen, the number of
test light receivers does not need to be increased, or at least
does not need to be increased to the same degree.

The invention has the advantage that the manufacturing
costs and the space required for the contamination measure-
ment are significantly reduced. It is still detected whether the
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front screen enables a safe operation of the sensor reliably
and in conformity with the standards.

The sensor preferably is configured as a laser scanner
comprising a light transmitter for transmitting a transmission
light beam into a monitoring area, in particular a monitoring
plane, a light receiver for generating a reception signal from
a remitted light beam remitted from objects in the monitor-
ing area and a deflection unit rotatable around a rotational
axis for periodically deflecting the transmission light beam
in order to scan the monitoring area in the course of the
rotation, wherein the evaluation unit is further configured to
obtain information about objects in the monitoring area from
the reception signal. Here and in the following, a preferred
feature refers to a feature that is advantageous, but com-
pletely optional. The monitoring plane is also called scan-
ning plane or scan plane. In case of a rotating deflection unit,
the monitoring plane is perpendicular to the axis of rotation.
It is also possible to cyclically tilt the sensor with respect to
the axis of rotation. Then, a three-dimensional space region
is monitored instead of a plane, which geometrically is the
complement of a double cone. Such a space region may also
be referred to as a monitoring plane as a simplification
within the framework of this description, and a perpendicu-
lar orientation to this space region refers to a central plane.
The remitted light beam is usually lad via the same deflec-
tion unit as the transmitted light beam. Often, a particular
region of the deflection unit is used for deflecting the
transmission beam, and the remainder of the deflection unit
is used for deflecting the remitted light to the light receiver.
In principle, it is also possible to use a separate deflector
each.

The test light receiver is preferably arranged near the
rotational axis and with its optical axis parallel thereto so
that the test light path passes from the inside of the front
screen via the deflection unit to the test light receiver. The
deflection unit thus always faces the reflector and test light
transmitter, respectively, currently to be tested. As a conse-
quence, for a plurality of test light paths their rear parts after
the deflection unit have a particularly compact arrangement.

The evaluation unit preferably is configured to activate
the test light transmitter synchronized with the rotation. As
a test light path leading via the deflection unit is only
complete at a correct orientation of the deflection unit, it is
thus ensured that only the respective matching test light
transmitter is active, and vice versa, that the test light of an
active test light transmitter has a complete test light path. As
an alternative to synchronizing, the test light transmitters
may also be activated with any other timing, where the
orientation of the deflection unit decides whether test light
arrives at the test light receiver.

Reception optics are preferably arranged in front of the
light receiver, wherein the reception optics are also part of
the test light path between deflection unit and test light
receiver. Such receiving optics are anyway required by the
sensor in virtually all embodiments. Due to the test light
beam paths according to the invention, these reception
optics may also be used for the test light paths.

The reflector preferably is arranged near the focus area of
the front screen with an offset to the focus area. The
arrangement in the vicinity of the focus area ensures that the
test light arrives near a known position at the end of the test
light path, preferably in the center of the sensor or where
light transmitter and light receiver of the sensor are. At the
same time, when the offset is provided, test light does not
impinge on the light receiver where, without additional
preventive measures, it affects the measurement as interfer-
ing light with respect to the actual signal of the sensor.
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The sensor preferably comprises a plurality of reflectors
which are arranged in a circumferential distribution in a
plane parallel to the monitoring plane, wherein each reflector
has an offset to the focus area and a differing angle offset
relative to a radial direction to the focus area so that the test
light reflected by the plurality of reflectors is guided via the
front screen to a common test light receiver. A plurality of
test light transmitters corresponding to the plurality of
reflectors is preferably provided to form a plurality of test
light paths. However, due to this particular arrangement of
the reflectors, it is not necessary to also provide a corre-
sponding number of test light receivers. As a result, com-
ponents can be saved, and the front screen be tested at more
intersection points than the number of test light receivers. In
particular, it is possible to arrange the reflectors such that all
test light paths end in one and the same test light receiver,
or to form two groups whose test light paths end in one
respective common test light receiver and thus overall in
only two test light receivers.

The test light transmitter preferably comprises test light
transmission optics, wherein the test light transmission
optics are integrally formed with a socket of the front screen.
By means of test light transmission optics, collimated or
otherwise beam shaped test light beams are generated, for
example by an aperture. The region on the front screen
where the beam passes and thus the contamination moni-
toring can thus further be optimized. By integral forming
with a socket of the front screen, manufacturing and adjust-
ment of such test light transmission optics is particularly
easy. For example, lenses may be molded into the socket.

A plurality of test light receivers is preferably arranged on
a same circuit board. Due to the design of the light paths
according to the invention, other than in the prior art, test
light receivers can be arranged in very close proximity. This
enables a space and cost saving common circuit board of
some or even all test light receivers. This may even be the
circuit board of the sensors light receiver, so that no addi-
tional circuit board is required for the light transmissivity
test.

The light transmitter and the test light transmitters are
preferably configured to transmit light with distinguishable
modulation properties or spectral properties. In case that the
arrangement of the test light paths and other measures are
insufficient to prevent, or even systematically cause, that test
light arrives at the light receiver, it can be distinguished from
the actual measurement signal based on the distinguishable
properties. That way, interfering effects of the test light are
suppressed in the measurement signal.

The reflector preferably is selective for test light and is
arranged in the focus area, wherein the light receiver is also
configured as a test light receiver. In this embodiment, test
light is even systematically caused to impinge on the light
receiver. The selective reflection prevents that stray light of
the light transmitter impinges on the light receiver via the
test light paths. In this arrangement, test light receivers are
replaced by a dual function of the light receiver, where in the
limiting case no separate test light receiver is required in the
first place.

At least one reference light transmitter is preferably
arranged so that its reference test light impinges on a
corresponding reflector without passing through the front
screen. The reference light transmitter is preferably identical
to the test light transmitter, and its light path is substantially
the same with the difference that it does not pass through the
front screen. Thus, the reference test light is unaffected by
interferences of the front screen and can be used to com-
pensate other effects such as temperature or aging. Analo-
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6

gously to the test light paths, the reflector of the reference
light transmitter can also be arranged with a suitable offset
from the focus area so that the reference test light impinges
on a test light receiver together with test light of at least one
test light transmitter. This not only has the advantage that a
separate reference light receiver can be saved, but it is also
a more accurate reference, namely, directly the test light
receiver to be tested rather than merely an identical test light
receiver.

At least one fogging test receiver is preferably arranged in
the focus area, wherein the evaluation unit is configured to
detect a fogging of the front screen from a decrease of a part
of a transmission light beam of the sensor which is reflected
into the fogging test receiver by the front screen. Fogging is
formed by humid air and changes in temperature and thus
mainly outdoors. This embodiment also relates to an impair-
ment of light transmissivity of the front screen. However, it
is tested in a completely different way than in the other
embodiments. No test light transmitters, reflectors, and test
light receivers, and no corresponding evaluation is required.
Instead, the front screen reflection of the light transmitter is
measured by the fogging test receiver.

The sensor is preferably configured as a distance-measur-
ing laser scanner in that the light time of flight between
transmission and reception of the light beam and from that
the distance of an object can be determined in the evaluation
unit, wherein an angle encoder for detecting the angular
position of the deflection unit is provided so that for detected
objects in the monitoring plane two-dimensional polar coor-
dinates are available. This enables a complete position
detection within the monitoring plane. In addition, object
contours can be measured if required.

The sensor is preferably configured as a safety laser
scanner with a safety output by the evaluation unit being
configured to determine whether an object is present in a
protected area within the monitoring plane and to thereupon
output a safety-related shut-down signal via the safety
output. In applications in safety technology, excluding inter-
ference of the front screen is of particular importance
because health and life of persons depend on the reliable
operation.

The test light paths exploit the curvature properties of the
front screen. Instead of a frustum of a cone, the front screen
is preferably designed as a free-form surface. A curvature, in
particular a convex curvature, is not only provided in a
circumferential direction, but also perpendicular thereto in a
height direction. This curvature also serves to guide a front
screen reflection from transmission light emerging from the
sensor into the focus area irrespective of the height where
the transmission light impinges on the front screen. There-
fore the light paths of the front screen reflection and the test
light are mostly identical with reverse direction. This is
further supported when a transmission lens and a reception
lens of the sensor have similar focal lengths.

The front screen preferably forms a body of revolution
with respect to a central axis perpendicular to the monitoring
plane, wherein the central axis in particular is a rotational
axis of the deflection unit. Such a body of revolution is not
necessarily also rotationally symmetrical, since instead of a
360° field of view also smaller fields of view of for example
270°, 180° or other angular ranges are possible. In that case,
there are angular regions where the sensor comprises dead
zones which can be used for mounting on a wall, internal
wiring or electronic, or a test target for testing the light
transmitter.

The direction perpendicular to the monitoring plane may
be referred to as height direction for simpler language. The
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curvature of the front screen preferably increases or
decreases monotonically with the height. This also includes
a continuous curvature in height direction. On the other
hand, planar intermediate regions or facets are also conceiv-
able which correspond to a discrete approximation of a
continuous curvature by polygonal surfaces. More prefer-
ably, the curvature is strictly monotonic, thus avoiding
spherical portions. A particularly advantageous curvature
results in a front screen curved like a bell or a goblet.

Advantageously, each secant passing through a section of
the front screen perpendicular to the monitoring plane runs
tilted to the monitoring plane. This in particular includes the
secant passing through the upper and lower edge of the front
screen. The curved contour of the front screen as a whole is
thus tilted with respect to a line perpendicular to the moni-
toring plane. The front screen is not perpendicular to the
transmission beam at any point so that the front screen
reflection is always deflected upwards or downwards from
the beam path. This can also be expressed, as an alternative
to a definition based on secants, that the largest possible
body having no curvature in height direction which is
inscribed into the curved front screen is a frustum of a cone
with tilted walls rather than a circular cylinder with perpen-
dicular walls.

The front screen preferably has the shape of a concave
mirror which deflects reflections of the transmitted light
beam at the front screen irrespective of a height position
with respect to the monitoring plane into the circumferential
focus area. Only when considering a fixed angular position
there is a real focal point. By the varying angular positions,
a ring of focal points is formed which is referred to as the
circumferential focus area. The circumferential focus area is
preferably arranged above or below the front screen, at least
above or below the light beams of light transmitter and light
receiver of the sensor. This avoids interference.

The front screen preferably comprises a portion of a
parabola, a hyperbola, an ellipse, or an aspheric surface in a
section perpendicular to the monitoring plane. These are
specific embodiments of the curvature with the desired
focusing properties. In three dimensions, this leads to a
portion of a rotational paraboloid, hyperboloid, or ellipsoid
in case of a front screen formed as a body of revolution. The
portion may be both axial and off-axial, i.e. may include or
exclude characteristic points such as vertices, focal points,
and the like.

The sensor preferably comprises an optical trap to at least
partially absorb reflections of the transmitted light beam at
the front screen. The optical trap more preferably is designed
as a body of revolution and arranged in the focus area. Thus
a small extent of the optical trap suffices to capture the front
screen reflections irrespective of the height position and the
angular position of the transmission beam. The body of
revolution preferably extends over the same angular range as
the front screen. The optical trap is thus effective every-
where in circumferential direction of the front screen over
the entire field of view of the sensor. The optical trap may
be formed for example as an aperture with an opening in the
focus area and having a cavity. The trap thus specifically
captures the light of the front screen with its aperture. Inside,
the optical trap preferably comprises light absorbing and/or
light distributing material so that the light cannot leave the
optical trap, or that only a small part can leave. Suitable
materials, for example, are a black coating, black velvet, or
anodized aluminium.

Light transmitter and light receiver are preferably not
arranged coaxially with each other. For example, the optical
axis of the light receiver is substantially the rotational axis
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of the deflection unit, and the optical axis of the light
transmitter has a parallel offset. Such an arrangement results
in an up and down movement of the transmission beam,
because the transmission beam does not centrally impinge
on the deflection unit so that there is a height offset in
dependence on the angular position. Due to the curvature of
the front screen, the front screen reflection is nevertheless
deflected reliably and in a defined direction so that it for
example may be absorbed in an optical trap. At the same
time, the non-coaxial arrangement is advantageous because
it enables a compact construction of the sensor which in
particular allows for a transmission and reception unit with
optimized height. The setting or adjustment of the signal
dynamics is also facilitated, in particular in a near zone,
while simple optical elements may be used.

The method in accordance with the invention can be
further developed in a similar manner with additional fea-
tures and shows similar advantages. Such advantageous
features are described in an exemplary, but not exclusive
manner in the subordinate claims following the independent
claims.

The invention will be explained in the following also with
respect to further advantages and features with reference to
exemplary embodiments and the enclosed drawing. The
Figures of the drawing show in:

FIG. 1 a schematic cross sectional view of a laser scanner
with a front screen having a curvature in two dimensions;

FIG. 2 a section through an embodiment of the front
screen of the laser scanner according to FIG. 1 perpendicular
to its monitoring plane;

FIG. 3 a three-dimensional view of an embodiment of the
front screen of the laser scanner according to FIG. 1;

FIG. 4 a three-dimensional view of a front screen and the
elements of the test light paths as well as the beam path of
the first test light path;

FIG. 5 a three-dimensional view of the front screen
according to FIG. 4 with the beam path of a third test light
path;

FIG. 6 a plan view of the front screen according to FIG.
4 to illustrate the arrangement of the reflectors and the beam
path of the test light caused thereby;

FIG. 7 a three-dimensional view of the front screen
according to FIG. 4 with the beam path of a fourth test light
path;

FIG. 8 a three-dimensional view of the front screen
according to FIG. 4 with the beam path of a fifth test light
path;

FIG. 9 a three-dimensional view of the front screen
according to FIG. 4 with the beam path of a first reference
light path;

FIG. 10 a three-dimensional view of the front screen
according to FIG. 4 with the beam path of a second reference
light path;

FIG. 11 a simplified sectional view through the laser
scanner according to FIG. 1 and the beam path of a front
screen reflex to illustrate a fogging measurement based on
the front screen reflection.

FIG. 1 shows a schematic cross section through an
optoelectronic sensor 10 in an embodiment as a laser scan-
ner. A light transmitter 12, for example having a laser light
source, generates a transmission light beam 16 with indi-
vidual short light pulses with help of transmission optics
14a, 14b. As an alternative, the sensor 10 operates with a
phase method instead of a pulse method, as described in the
introduction. The transmission light beam 16 is, by means of
a deflecting mirror 18 and a deflection unit 20, transmitted
into a monitoring area 22. Instead of a deflecting mirror 18,
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a polarization filter may also be used. Generally, the cou-
pling of the transmission light beam 16 into the transmission
light path via the deflection unit 20 can be done in any
alternative known manner, for example with only one trans-
mission optics or on a direct light path without deflecting
mirror 18.

The transmission light beam 16 is remitted in the moni-
toring plane 22 by objects possibly being present therein,
and at least partially returns to the sensor 10 as a remitted
light beam which is attenuated and/or scattered depending
on the optical properties of the object surface. The remitted
light beam again impinges on the deflection unit 20 and is
guided onto a light receiver 26, for example a photodiode,
through reception optics 24. As already explained for light
transmitter 12 and transmission optics 14, 145, the design
and arrangement of transmission optics 24 as well as the
position of the light receiver 26 is to be understood purely
as an example. Various alternative embodiments are pos-
sible, such as reception optics moving with the deflection
unit 20, reception optics comprising several lenses, a beam
shaping of the remitted light beam already prior to imping-
ing on the deflection unit 20, and the like.

The deflection unit 20 is configured as a rotating mirror
which is continuously rotated by a motor 28. Therefore, the
transmission light beam 16 scans a monitoring plane per-
pendicular to the rotational axis 30 in the course of the
rotational movement. In an alternative embodiment, an
additional tilting of the rotational axis 30 is conceivable in
order to detect a three-dimensional space region as the
monitoring area 22. In that case, the monitoring plane refers
to the central plane of this space region.

The arrangement of light transmitter 12 and light receiver
26 in this embodiment is not coaxial. Therefore, the trans-
mission light beam 16 does not centrally impinge on the
deflection unit 20, but in varying heights in the course of the
rotational movement. This results in an up and down move-
ment of the transmitted light beam 16 to an extent depending
on the distance between the optical axis of the light trans-
mitter 12 and the rotational axis 30. In an alternative
embodiment, light transmitter 12 and light receiver 16 are
coaxially arranged, for example by means of a beam splitter,
and there is no up and down movement of the transmission
light beam 16.

With the sensor 10 as illustrated, a viewing angle of up to
270° can be monitored. In addition to the elements shown,
a reference target may be provided in a rear region to test the
function of the light transmitter 12. This is one exemplary
way of satisfying one of the requirements of the safety
standards mentioned in the introduction and making sensor
10 a safe sensor. In principle, the optical design as shown
also allows a larger viewing angle of up to 360°.

The respective angular position of the deflection unit 20
is detected by an encoder which for example comprises a
code disc 32 and a fork light barrier 34. Alternative methods
to measure an angular position are possible. The transmis-
sion light beam 16 generated by the light transmitter 12 thus
sweeps over the monitoring plane 22 generated by the
rotational movement. In case that a remitted light beam from
the monitoring plane 22 is received by the light receiver 26,
the angular position of the object in the monitoring plane 22
can be determined from the angular position of the deflec-
tion unit 20 measured by the encoder 32, 34.

Additionally, the time of flight of the individual laser light
pulses from their transmission to the reception after reflec-
tion at an object in the monitoring plane 22 is determined.
From the light time of flight, the distance of the object from
the sensor 10 is determined using the speed of light. This
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evaluation is done in an evaluation 36 which is connected to
the light transmitter 12, the light receiver 26, the motor 28,
and the encoder 32, 34. Hence, two-dimensional polar
coordinates of the positions of all objects in the monitoring
area 20 are available via the angle and the distance.

For applications in safety technology in particular, the
goal of the evaluation is to provide a safety signal at a safe
output 38 (OSSD, Output Signal Switching Device), for
example to trigger an emergency shutdown of a connected
machine. In these applications, preferably the other require-
ments mentioned in the introduction are also observed to
satisfy the relevant safety standards. Via the angle and
distance data, the evaluation unit 36 determines the position
of an object in the monitoring plane 22. This is compared
with a two-dimensional protected field whose geometry is
stored in a memory of the evaluation unit 36 by appropriate
parameters. The evaluation unit 36 thus detects whether the
protected field is violated, i.e. whether an inadmissible
object is within the protected field, and switches the safe
output 38 depending on the result. In other embodiments, it
is possible to do the evaluation or parts of the evaluation in
a higher level control instead of in an internal evaluation unit
36.

All these functional components are arranged in a housing
40 which comprises a front screen 42 in the area where light
enters and exits. This front screen 42 is curvedly formed so
that light 44 reflected at the inside is focused in a focus area
46. In the situation of FIG. 1, a front screen reflection of the
transmission light beam 16 is what is shown. However, the
focusing also has an effect on other beam paths, for example
on a beam path which is substantially reverse to the trans-
mission light beam 16.

FIG. 2 shows a section of the front screen 42 in a direction
perpendicular to the monitoring plane 22. The X-axis shows
the diameter of the front screen 42 and the Yaxis its height.
The front screen 42 is a free-form surface whose contour in
the section shown can be approximated by a polynomial or
aspheric fit in virtually any desired accuracy. The particular
curvature causes light 44a-c reflected at the inside of the
front screen 42 to be focused in a common focus area 46
irrespective of the height position of the reflection. The
focus area 46 is preferably arranged above, or in a mirrored
arrangement below, the deflection unit 20. This is achieved
by the contour of the front screen 42 as a whole being tilted
outwardly or inwardly. Each secant 48 of the contour is
therefore tilted with respect to a vertical line.

The front screen 42 is preferably curved over its entire
height, wherein the curvature monotonically increases or
decreases. The respective tilting of each infinitesimal front
screen part thus decreases or increases accordingly so that
with increasing distance to an upper or lower height level a
larger deflection is caused. Various contours can be used, for
example parabolic, hyperbolic, elliptic, or general aspheric
curves.

The representations of FIGS. 1 and 2 each show a section
perpendicular to the monitoring plane 22 at a fixed angular
position of the deflection unit 20. In order to achieve the
defined deflection of the front screen reflection 44 also in
different angular positions, the front screen 42 is preferably
designed as a body of revolution which has the required
curvature in every angular position, i.e. in each perpendicu-
lar section to monitoring plane 22 including the rotational
axis 20.

FIG. 3 shows a three-dimensional portion of such a front
screen 42 formed as a body of revolution, some light beams
48a-¢ impinging in different heights and with different
lateral offset, and corresponding reflected light 44a-e
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reflected at the inside of the front screen 42. The curvature
of the front screen 42 has the effect in height direction and
in circumferential direction that the reflected light 44a-¢ of
the shown portion converges in a point or at least a very
limited area. With additional angular positions, i.e. a larger
angular section than illustrated, this results in a circumfer-
ential ring-shaped focus area 46 in a same height level. The
front screen 42 as a three-dimensional body becomes bell-
shaped or goblet-shaped.

FIG. 4 shows a three-dimensional view of the front screen
42 as well as other previously described elements of the
sensor 10, namely, the light transmitter 12 with transmission
optics 14, the light receiver 26 with reception optics 24, and
the deflection unit 40. The representation of transmission
optics 14 and reception optics 24 is simplified, other and
more complex optical elements can also be used.

In order to test the light transmissivity of the front screen
42, a plurality of in this example six test light transmitters
50a-fare distributed in circumferential direction. One angu-
lar section, shown on the right in FIG. 4, is omitted as a dead
zone of the scanning. In principle, sensors with a smaller or
no dead zone are possible, where the test light transmitters
50a-f are distributed over a correspondingly larger angular
section.

Reflectors 52a-f are associated with the test light trans-
mitters 50a-f which are also distributed in circumferential
direction in a plane parallel to the monitoring plane 22.
These are preferably retroreflectors, because mirror ele-
ments, although in principle possible, would need to be
precisely aligned, and diffusely scattering elements would
lead to a substantially same beam path due to the curvature
of'the front screen 42, but would also cause stray light which
is difficult to control. For a better understanding of the
perspective of FIG. 4 it should be noted that the plane of the
reflectors 52a-f'is above the front screen 42. Contrary to the
first impression, the reflectors 52a-f are thus arranged
approximately symmetrically to the center axis.

The first test light transmitter 50a in an arbitrary coun-
terclockwise numbering is aligned so that its test light
impinges on the associated reflector 52a after passing
through the front screen 42. The first test light path 54a then
continues, after reflection at the reflector 52a with a partial
reflection inside on both boundary surfaces of the front
screen 42, to the deflection unit 20 and finally through
reception optics 24 to a test light receiver 56a in a plane of
the light receiver 26. A focusing occurs at the curved front
screen 42 and at the reception optics 24. FIG. 4 shows only
a main light path as test light path, adjacent light beams are
guided correspondingly due to the described focusing prop-
erties. The deflection unit 20 faces the first test light trans-
mitter 50a during the test by the first test light transmitter
50a. To ensure this, the activity of the test light transmitters
50a-f can be synchronized with the rotational movement of
the deflection unit 20. Based on the signal of the test light
receiver 56a, the evaluation unit 36 can evaluate the light
transmissivity of the front screen 42 and, if necessary, output
a maintenance signal or a safety related shutdown signal,
respectively.

Preferably, optics which are not shown are arranged in
front of the test light transmitters 50a-f, such as apertures or
lenses, or light sources are used which already provide a
collimated light beam. Optical elements, in particular lenses
of these optics, can be formed integrally with a socket of the
front screen 42, for example by injectionmolded lenses.
Focusing the test light onto the reflector 52a-fis in particular
useful for bright dust, because the measurement can be
affected by stray light from the bright dust particles. Scat-
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tering from bright particles in particular affects the measure-
ment if the energy part of the light beam impinging on the
reflector 52a-f'is low. By selection of optics and alignment
of the test light transmitters 50a-fthe position at which test
light passes through the front screen 42 and the beam cross
section can be optimally adjusted. The front screen 42 can
also be irradiated with a larger area. The focussing properties
due to the curvature of the front screen 42 and the reception
optics 24 in the test light path 54a-f nevertheless provide a
convergence onto the test light receiver 56a-b.

FIG. 5 shows the front screen 42 another time, now with
the test light path 54¢ of the third test light transmitter 50¢
and associated reflector 52¢. The deflection unit 20 has
rotated and now faces the third test light transmitter 50¢. The
test light also on the third test light path 54¢ is guided into
the same test light receiver 56a. An analog representation for
the second test light path 545 starting from the second test
light transmitter 546 is omitted because the situation is
already understood from FIGS. 4 and 5. Thus, one common
test light receiver 56a is sufficient for a plurality of test light
paths 54a-c, in the shown example three test light paths
54a-c.

FIG. 6 shows the front screen 42 another time in a plan
view for additional explanation. Focus area 46 is shown with
a dashed line. Two auxiliary lines 58a-b6 show the possible
circumferential positions of a radial offset with respect to the
focus area 46. The reflectors 52a-c are arranged in the plane
of the focus area 46 parallel to and above the monitoring
plane 22 and distributed in circumferential direction. The
positioning is done with a small offset with respect to a
position marked with an x in the focus area 46. This position
marked with an x is imaged centrally onto the light receiver
26.

Were one to arrange the reflectors 52a-c merely with an
offset in a radial direction with respect to the position
marked with an x, as shown by black dots, they would be
imaged according to the arcuate arrangement in positions
60a-c at least partially next to and outside the test receiving
element 56a. Therefore, the reflectors 52a-c¢ get an addi-
tional angular offset with respect to the radial direction, as
shown by arrows 60a-c. With a proper choice of the respec-
tive angular offset, the reflectors 52a-c, after Fresnel reflec-
tion at the inner and outer boundary surface of the front
screen 42, are sharply imaged next to the light receiver 26
due to the curvature of the front screen 42 and the reception
optics 24, and that at the same position within the plane of
the light receiver 26, so that the test light reflected by the
reflectors 52-c can be evaluated in the same test reception
element 564. The arrangement of the reflectors 52a-f'should
preferably be chosen such that also by the angular offset no
reflector 52a-f is located in the focus area 46, because
otherwise test light would reach the light receiver 26. If one
wants to absorb the front screen reflection in an optical trap
in the focus area 46, reflectors 52a-f could anyway not
additionally be positioned in this area.

FIGS. 7 and 8 show a three-dimensional view of the front
screen 42 corresponding to FIG. 4 with a fourth test light
path 54d and a fifth test light path 54e. A corresponding
representation for a sixth test light path 54f was omitted
because its path is already understood from FIGS. 7 and 8.
As on the first to third test light paths 54a-c, test light on the
fourth to sixth test light paths 544-f'also reaches a common
test light receiver 565. The explanation, which would be
based on a representation corresponding to FIG. 6 but
vertically mirrored, is not repeated here.

Thus, for a light transmissivity measurement of the front
screen at six positions with six test light paths 54a-f, only
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two test light receivers 56a-b are required. As the test light
receivers 56a-b are close to each other in the same plane,
they can be arranged on a common circuit board. This may
even be the circuit board of light receiver 26 which is also
on the same plane.

If distinguishable modulation properties or spectral prop-
erties are used for the transmission light beam 16 of the
actual measurement of the sensor 10 and for the test light,
the evaluation unit 36 can make a distinction so that test light
scattered into the light receiver 26 does not interfere.

It is even possible to completely dispense with test light
receivers 56a-b based on such distinguishable properties and
to use light receiver 26 in a double function also for the
transmissivity measurement of the front screen 42. To that
end, in an embodiment, the reflectors 52a-f are arranged
within the focus area 46 without an offset. Preferably,
reflectors 52a-f are used which selectively reflect only the
test light, because otherwise parts of the transmission light
beam 16 could impinge on the light receiver 26 as interfering
light.

FIGS. 9 and 10 again show the front screen 42 in a
three-dimensional representation to explain reference light
transmitters 62a and reference light paths 64a. Contamina-
tion of the front screen 42 is not the only possible cause for
a change in the signal of the test light receivers 56a-b, but
there are also other reasons like temperature effects, aging or
similar effects. In order to compensate for these effects, the
signal on the reference light paths 64a-b is determined
which differ from the test light paths 54a-fin that they do not
pass through the front screen 42. The reference light trans-
mitters 62a-b are arranged above, below or inside the front
screen 42. Although it is possible to use separate reference
reflectors and reference light receivers, already existing
reflectors 52¢-d are used in the shown exemplary embodi-
ments, and the reference light paths 64a-b lead to the test
light receivers 56a-b by appropriate arrangement and ori-
entation of the reference light transmitters 62a-b. This does
not only have the advantage that components can be saved.
In addition, effects of components actually used by the test
light are compensated for, not merely of identical compo-
nents as usually.

FIG. 11 shows in a sectional view the beam path of the
transmission light beam 16 up to a front screen reflection.
This beam path is essentially the reverse of a test light path
54a-f. The front screen reflex is measured in the focus area
46 with a fogging test receiver 66. To be precise, two light
spots arise from the front screen reflection in the plane of the
focus area 46 for each angle, namely, at the inner and outer
boundary surface of the front screen 42. If the front screen
42 is covered by a liquid or other material from the outside,
such as oil or water, as is the case for fogging, the resulting
reflection at the outer boundary surface is attenuated due to
the lower refractive index gradient. In this manner, a fogging
can be detected from an evaluation of the front screen
reflection at the outer boundary surface.

The invention claimed is:

1. An optoelectronic sensor (10) having a circumferential
front screen (42) comprising a curvature both in a circum-
ferential direction and in a height direction transverse to the
circumferential direction and thus having a circumferential
focus area (46) in which light reflected at the inside of the
circumferential front screen (42) is focused, wherein a
plurality of test light transmitters (50a-f) located on a first
side of the front screen (42), at least one reflector (52a-f),
and at least one test light receiver (56a-b) form a test light
path (54a-f) on which test light passes from the test light
transmitter (50a-f) through the front screen (42) to the
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reflector (52a-f) and subsequently onto the test light receiver
(56a-b), and wherein an evaluation unit (36) is provided
which is configured to detect a decreasing light transmis-
sivity of the front screen (42) based on a decrease of a signal
generated by the test light in the test light receiver (56a-b),
characterized in that the test light receiver (56a-b) and the
reflector (52a-f) are arranged on a second side of the front
screen (42) opposing the first side of the front screen (42)
such that the test light path (54a-f) leads from the reflector
(52a-f) via a reflection on the inside of the front screen (42)
to the test light receiver (56a-b), wherein the test light path
(54a-f) of the plurality of test light transmitters (50a-f) share
a common test light receiver (56a-b).

2. The sensor (10) according to claim 1, which is config-
ured as a laser scanner comprising a light transmitter (12) for
transmitting a transmission light beam (16) into a monitor-
ing area (22), a light receiver (26) for generating a reception
signal from a remitted light beam remitted from objects in
the monitoring area (22) and a deflection unit (20) rotatable
around a rotational axis for periodically deflecting the trans-
mission light beam (16) in order to scan the monitoring area
(22) in the course of the rotation, wherein the evaluation unit
(36) is further configured to obtain information about objects
in the monitoring area (22) from the reception signal.

3. The sensor (10) according to claim 2, wherein the
monitoring area (22) is a monitoring plane.

4. The sensor (10) according to claim 2, wherein the test
light receiver (56a-b) is arranged near the rotational axis and
with its optical axis parallel thereto so that the test light path
(54a-f) passes from the inside of the front screen (42) via the
deflection unit (20) to the test light receiver (56a-b).

5. The sensor (10) according to claim 4, wherein the
evaluation unit (36) is configured to activate the test light
transmitter (50a-f) synchronized with the rotation.

6. The sensor (10) according to claim 2, wherein reception
optics (24) are arranged in front of the light receiver (26),
and wherein the reception optics (24) are also part of the test
light path (54a-f) between deflection unit (20) and test light
receiver (56a-b).

7. The sensor (10) according to claim 1, wherein the
reflector (52a-f) is arranged near the focus area (46) of the
front screen (42) with an offset to the focus area (46).

8. The sensor (10) according to claim 3, comprising a
plurality of reflectors (52a-f) which are arranged in a cir-
cumferential distribution in a plane parallel to the monitor-
ing plane (22), wherein each reflector (52a-f) has an offset to
the focus area (46) and a differing angle offset relative to a
radial direction to the focus area (46) so that the test light
reflected by the plurality of reflectors (52a-f) is guided via
the front screen (42) to a common test light receiver (56a-5).

9. The sensor (10) according to claim 1, wherein the test
light transmitter (50a-f) comprises test light transmission
optics, and wherein the test light transmission optics are
integrally formed with a socket of the front screen (42).

10. The sensor (10) according to claim 9, wherein the test
light transmission optics are formed by molding of lenses
into the socket.

11. The sensor (10) according to claim 1, wherein a
plurality of test light receivers (56a-b) are arranged on a
same circuit board.

12. The sensor (10) according to claim 11, wherein the
circuit board is a circuit board of the light receiver (26).

13. The sensor (10) according to claim 1, wherein the light
transmitter (12) and the test light transmitters (50a-f) are
configured to transmit light with distinguishable modulation
properties or spectral properties.
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14. The sensor (10) according to claim 1, wherein the
reflector (52a-f) is selective for test light and is arranged in
the focus area (46).

15. The sensor (10) according to claim 1, wherein the light
receiver is also configured as a test light receiver (56a-5).

16. The sensor (10) according to claim 1, wherein at least
one reference light transmitter (62a-b) is arranged so that its
reference test light impinges on a corresponding reflector
(52¢-d) without transmitting the front screen (42).

17. The sensor (10) according to claim 1, wherein at least
one fogging test receiver (66) is arranged in the focus area
(46), and wherein the evaluation unit (36) is configured to
detect a fogging of the front screen (42) from a decrease of
a part of a transmission light beam (16) of the sensor (10)
which is reflected into the fogging test receiver (66) by the
front screen (42).

18. The sensor (10) according to claim 3, the sensor (10)
being configured as a safety laser scanner with a safety
output (38) by the evaluation unit (36) being configured to
determine whether an object is present in a protected area
within the monitoring plane (22) and to thereupon output a
safety-related shut-down signal via the safety output (38).

19. A method for testing a light transmissivity of a
circumferential front screen (42) of an optoelectronic sensor
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(10), wherein test light passes on a test light path (54a-f)
from a plurality of test light transmitters (50a-f) through the
front screen (42) to at least one corresponding reflector
(52a-f) and subsequently onto a test light receiver (56a-b),
and wherein a decreasing light transmissivity of the front
screen (42) is detected from a decrease of a signal generated
in the test light receiver (56a-b) by the test light,
wherein the test light transmitters are located on a first
side of the front screen (42),
characterized in that the test light is partially reflected at
an inside of the front screen (42) after reflection at the
reflector (52a-f) and is at the same time focussed due to
a curvature of the front screen (42) both in a circum-
ferential direction and a height direction transverse to
the circumferential direction, wherein the test light is
subsequently detected in the test light receiver (56a-5),
wherein the reflector (52a-f) and the test light receiver
(56a-b) are located on a second side of the front screen
(42) opposing the first side of the front screen (42),
wherein the test light path (54a-f) of the plurality of test
light transmitters (50a-f) share a common test light
receiver (56a-b).
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